ALTHOUGH the majority of patients who sustain a closed head injury appear to make a complete and satisfactory recovery, some are left with residual disabilities, which interfere with their well-being and their adjustment to society. It is known that in such cases permanent structural changes often occur in the brain, but clinically it is difficult to ascertain their severity and extent. There is no single method of investigation which affords this information. Such methods as neurological examination, radiological investigation of the skull, psychological tests, and electro-encephalography, each contribute something to the analysis, but each has its limitations. The following study was undertaken in order to evaluate air encephalography, not so much as a method of demonstrating the presence of posttraumatic space-occupying lesions, but of assessing the degree of damage which has occurred in the brain.
Introduction
ALTHOUGH the majority of patients who sustain a closed head injury appear to make a complete and satisfactory recovery, some are left with residual disabilities, which interfere with their well-being and their adjustment to society. It is known that in such cases permanent structural changes often occur in the brain, but clinically it is difficult to ascertain their severity and extent. There is no single method of investigation which affords this information. Such methods as neurological examination, radiological investigation of the skull, psychological tests, and electro-encephalography, each contribute something to the analysis, but each has its limitations. The following study was undertaken in order to evaluate air encephalography, not so much as a method of demonstrating the presence of posttraumatic space-occupying lesions, but of assessing the degree of damage which has occurred in the brain.
That changes in the outline of the ventricles often follow closed head injury was clearly established in papers from Foerster's clinic at Breslau by Schwab (1926a and b) and by Bielschowsky (1928) . Both authors employed encephalography with air introduced by the lumbar route and both described three groups of cases with abnormal encephalographic findings, viz. (a) cases in which the ventricles did not fill; (b) cases with enlargement and deformity of the ventricles; and (c) cases with abnormalities of distribution of the sub-arachnoid air over the cerebral convexities. In addition both studied the circulation of the cerebro-spinal fluid after head injury by injecting sodium iodide solution into the ventricles or lumbar theca, and subsequently ascertaining the time of its appearance in other parts of the cerebro-spinal fluid system or in the urine. On comparing their findings with standards obtained from control cases, both of them concluded that in the majority of cases with abnormal encephalograms there were disturbances of the cerebro-spinal fluid circulation, either in the form of obstruction to the cerebro-spinal fluid pathways or of delayed absorption of the fluid into the bood stream. Bielschowsky, whose paper was based on 106 cases of head injury, of both closed and open types, went further than Schwab and tried to correlate the clinical features of his cases with the encephalographic appearances. He showed that, while in many cases there was an obvious relationship between the two, in other cases this relationship was not apparent; and indeed the same encephalographic appearances as were seen in some cases with persistent symptoms and signs would also be seen in others without persistent symptoms or with only a history of post-traumatic epilepsy.
Since then several other authors have confirmed that encephalographic changes often follow head injury, but without exception they have based their findings on smaller groups of cases and have not extended the scope of Bielschowsky's observations. Fischer (1927) , after investigating a series of 14 psychopathic patients, many of whom had sustained head injury several years previously, concluded that similar encephalographic abnormalities could sometimes be found in psychopathic patients who had no history of head injury, and that the correlation between clinical features and encephalographic findings was not always apparent. Swift (1931) , Hauptmann (1932) , Friedman (1932) and others have regarded encephalography as a means of differentiating between cases with genuine disabilities and cases with functional disturbances, implying that those cases which have normal encephalographic appearances usually belong to the latter group. Several others (Flugel 1932 , Bennett and Hunt 1933 , Lippens and Desjardin 1934 , Travers 1937 , Money and Susman 1932 , have reported on the encephalographic changes following head injury without offering much comment on their vetiological and clinical significance.
There has thus been little advance in our appreciation of the encephalographic changes following head injury since Bielschowsky's paper appeared in 1928. During the intervening years knowledge of the clinical aspects of head injury has much improved. In this paper an attempt is therefore made to reassess, in terms of present-day clinical standards, the value of air encephalography in the investigation of cases of head injury after the acute stage.
Case Material Our study is based upon 100 cases of closed head injury, which were admitted to a military hospital for head injuries, either as acute cases or for the investigation of symptoms deemed to be the result of injury. In all of these cases it was considered clinically that the symptoms did, in fact, result from the head injury. Cases with symptoms judged to be VENTRICULAR CHANGES AFTER CLOSED HEAD INJURY psychoneurotic in origin, or with symptoms considered to be referable to a previous mental or physical defect, were excluded. The series includes cases with depressed fractures, but not those with penetrating injuries. Together they form an unselected consecutive series of cases in which the full hospital notes and X-ray films were available and in which the encephalograms were satisfactory.
Technique
The cisternal route of injection was employed in all except 7 cases. The cerebro-spinal fluid was replaced fractionally with air, and the technique was directed to obtaining an adequate ventricular filling, but not a complete dtainage of cerebro-spinal fluid, and thus a full outline of the sub-arachnoid spaces. The amount of air injected was usually between 30 and 60 c.c. This method was generally found adequate to demonstrate the ventricular changes without causing much discomfort to the patient, and without the necessity for employing a general anesthetic. Its relative simplicity allowed of repeated examination in some cases.
Radiological examination with the six standard Lysholm (1935) projections was carried out, producing a composite picture of the entire ventricular system. The anode-film distance was kept constant at 36 inches; the X-ray film was placed below the skull, and a fixed Lysholm grid was used in order to keep the head-film distance as low as possible and so reduce the amount of distortion, which would have resulted from the use of a PotterBucky diaphragm. Thus the radiological technique was standardized to permit of comparative measurements of the ventricles. It did not, however, permit of detailed studies of the distribution of air in the cortical subarachnoid spaces, such as would have been possible with lumbar encephalography and full drainage.
Methods of Measurement
Methods of measuring the ventricular system after encephalography have been described by Abramovitch and Winkler (1930) maximum breadth of the skull. All these authors directed their measurements of the ventricles to the problem of establishing whether or not hydrocephalus was present.
Our problem was to assess not only general changes in one or both lateral ventricles but also focal changes. The latter occur most frequently in the frontal and temporal horns or in the trigone. From a study of our material it became apparent that the diagonal width of the body of the lateral ventricle formed an arbitrary but reliable criterion of the size of the lateral ventricle as a whole (Fig. 1) . This measurement, which is most easily made in the standard brow-up projection, enables the size of the two lateral ventricles to be compared on the same film. Any variations due to inequality in filling of the two ventricles can be excluded by examination of the lateral projection with the brow up, in which view the amount of air in each lateral ventricle can be verified. Focal dilatation can be assessed by comparing component parts of the lateral ventricles with each other. This method of measurement was found to be reliable. In several cases repeated examination showed no change in the measurements obtained, thereby checking their accuracy, and also proving that repeated encephalography does not of itself lead to permanent ventricular changes.
As it had been suggested that variations in intracranial pressure, consequent upon the fractional replacement of cerebrospinal fluid, might cause temporary ventricular distension and so affect the measurements, some experiments were undertaken both on the cadaver and the living subject.
In recently dead cadavers injection of air directly into the ventricles under pressure was found to produce no change in the measurements of more than I mm. In four cases, where encephalography was well tolerated, the quantity of air injected was deliberately increased relative to the quantity of fluid withdrawn. In a typical case films were obtained after the injection of 30 c.c. of air with equivalent withdrawal of fluid. A further 25 c.c. of air was then injected, at which point the patient complained of increasing severity of headache. A film was immediately obtained and cerebro-spinal fluid withdrawn to balance the replacement. No increase in the ventricular measurerrents was observed (Fig. 2) , either immediately or during the subsequent radiological procedure, extending over a period of nearly one hour. No alteration in measurements was noted in the other three cases similarly investigated (Table 1) . It is, therefore, suggested that the possibility of unreliable ventricular measurements, due to pressure changes arising during the injection of air, may be ignored. 
Controls
In order to establish standards for the normal ventricular measurements, we took a series of 50 cases (Table 11) , in which encephalography was considered desirable to exclude the presence of a space-occupying lesion, or which were not thought clinically to be examples of diseases usually associated with ventricular enlargement. In all of them the ventricular measurements were made tinder the same radiographic conditions as those in the head injury series, and in all of them the outlines 53 -4*,. 
Measurement of the Third Ventricle
The maximum breadth of the third ventricle, as seen in the antero-posterior brow-up projection, was measured in every case. Considerable variation was found to occur in both the head injury and in the control series. There did not appear to us to be any trend towards increased measurement in cases with ventricular dilation. It was therefore decided to regard the breadth of the third ventricle as having too wide a normal range of variation to afford any significant information. This accords with a similar conclusion reached by Fischer (1927) .
Analysis of Case Material General
On the basis of the above standards of normality we found evidence of enlargement of the lateral Post-traumatic syndrome. It is often difficult to measure clinically the severity of brain damage resulting from injury, as sometimes even severe destruction of brain tissue may OCCUr without much upset to the patient.
Two criteria, which are often used clinically for assessing the severity of head injuries, are the duration of the post-traumatic amnesia and the amount of blood in the cerebro-spinal fluid in the acute phase of the injury. Neither of these criteria is entirely reliable, because sometimes the brain may be seriously damaged without loss of consciousness resulting, or without the appearance of blood in the cerebro-spinal fluid. Of these two criteria the duration of the post-traumatic amnesia is the more easily obtained and was estimated in each of our cases. In Table VIII (Table IX) . If, for the moment, fi-actures of the skull are not taken into account, it would appear from Table IX that both focal dilatations and unilateral or bilateral dilatations of the ventricles are caused just as frequently by injuries delivered in the antero-posterior axis of the skull as they are by injuries delivered from the side. One reason which may account for this apparent lack of correlation between the site of injury and the site and extent of the subsequent ventricular dilatation is that in road accidents, which formed a large proportion of our cases, the skull is often subjected to multiple blows, as Cairns (1941) has shown fi-om a study of the crash helmets of injured motor-cyclists. In 9 cases the dilatation appeared to have been caused by contre-coup; three of these had received occipital injuries, which had resulted in a generalized dilatation of the contralateral ventricle in five cases and focal dilatation in one.
Although the actual site of violence appears to have little connexion with the development of any particular type of ventricular dilatation, the production of a localized fi-acture of the skull seems to influence the development of a focal dilatation of the ventricle Of these, 5, which were examined between 3 and 4 weeks after injury (Cases 32, 43, 53, 59 , and 63), showed ventricular dilatation. In one of these (Case 43), which was first examined 1 month after injury, and later re-examined 2 months and 32-months after injury, the dilatation did not appear to have progressed after the first examination. In 2 cases (Cases 40 and 76), which were first examined earlier than 3 weeks after injury, some progression in the ventricular changes was subsequently demonstrated at a later examination. In Case 40 the first encephalogram (2 weeks after injury), was normal but encephalography repeated at 6 weeks and again at 8 weeks showed that a dilatation of the left anterior horn and right ventricle had appeared between the first and second examinations, but had not increased in size after the 6th week. In the second case (Case 76), slight ventricular enlargement, which was present at 21 weeks, appeared to have increased when examined at 5 weeks. We have no cases in our series in which we found evidence of progression of the ventricular enlargement later than 4-6 weeks after injury. CaKse 47. The first of these two cases with ventricular dilatation was a 22-year-old signaller, who fell 12-15 feet backwards from a telegraph pole, striking his head on soft earth without losing consciousness. Four hours later he had a generalized epileptic convulsion and subsequently he had recurrent attacks at intervals of 2 or 3 months. There were no abnormal neurological signs and no previous personal or family history of epilepsy. The electroencephalogram revealed slow high-voltage waves over both hemispheres, suggestive of idiopathic epilepsy, but because symptoms had first occurred so early after the injury the case was considered clinically to be one of post-traumatic epilepsy. Air encephalography demonstrated moderate dilatation of the left lateral ventricle.
Case 68.-The second case was a 39-year-old aircraftsman who received a blow over the vertex when a building collapsed after an explosion. He sustained a small compound depressed fracture over the centre of the superior longitudinal sinus but did not lose consciousness. Immediately after injury he developed slight weakness and numbness of both lower limbs, more marked on the left side than on the right, without disturbance of micturition or defaecation. At operation the depressed fragments were elevated and the dura shlown to be intact. Subsequently this patient was left with slight residual spasticity in both lower limbs, again more in the left than the right. Encephalography showed bilateral general ventricular dilatation which was moderate on the right side and slight on the left.
These two cases indicate that ventrictilar dilatation can develop after head injuries in which consciousness was not lost. The responsible mechanism is not known. Possibly a thrombosis of the superior longitudinal sinus, directly resulting from the injury, may have played a part in the second case, but sLich a mechanism was unlikely in the first case.
Head Injury without Residual Sequelse
Nine cases in the series eventually made comnplete clinical recoveries. In only one was the ventricular system normal. This case (Case 8) was the only example of a comparatively mild and straightforward head injury in our series. There was a post-traumatic amnesia of 2 hours. Encephalography was undertaken because, 1 hour after injury, a convulsive attack, the significance of which was not evident, had been observed down the right side of the body. The other 8 cases all showed ventricular enlargement. In one (Case 33) a symptomless focal dilatation of the left frontal horn developed beneath the site of a healed compotind depressed fracture. The remaining 7 cases were all examples of prolonged post-traumatic confusion with confabulatory disttirbances (Korsakow's psychosis).
All seven made complete recoveries, and subsequently showed generalized dilatations of one or both lateral ventricles. It is interesting that two of them (Cases 61 and 88), both with well marked ventricular dilatation, were pilots who later returned to full flying duties.
It will be seen that, though this grotip inclides only cases which made complete recoveries, it is really highly selected in that in most of the cases 64 I VENTRICULAR CHANGES AFTER CLOSED HEAD INJURY were examples of post-traumatic Korsakow's syndrome. It shows clearly that post-traumatic ventricular dilatation, even of moderate degree, is not necessarily associated with permanent psychological or neurological disturbances.
Head Injury with Residual Neurological Signs
A. With Resilual Pyr-amidal Signs Ventricular dilatation was observed in all except 2 of the 24 cases in this group. One of these two exceptions (Case 6) sustained a head injury of comparatively mild severity due to a blow on the right side of the head from a falling hammer. The skull was not fractured. The left arm was immediately paralysed, and slight permanent weakness of the arm was still evident 6 months later. The second exception (Case 9), was a case with a small, slightly depressed fracture in the mid-vertex over the superior longitudinal sinus, presenting slight residual sensory and motor signs in both lower limbs, more on the left side than on the right. A possible factor in the production of the clinical features shown by this case may have been a partial thrombosis of the superior longitudinal sinus beneath the depressed fracture.
In Particularly striking were the 7 cases (Cases 51, 55, 56, 57, 59, 60, 62) in which an apparently strictly unilateral ventricular dilatation was associated with corresponding pyramidal signs down the opposite side of the body. In one of these (Case 55) the degree of hemiparesis was very pronounced; in another (Case 57) the discrepancy in size between the two ventricles was particularly marked. An illustrative case history from this group is as follows:
Case 57.-A 24-year-old soldier received a closed head injury in April, 1940, as a result of a motor-cycle accident, which resulted in a post-traumatic amnesia of 2 weeks duration. Subsequently he complained of aphasia and of weakness of the right arm and leg which cleared F up completely within a further 2 weeks. About 3 months after his injury he developed frequent epileptic attacks, which began with clonic movements of the fingers of the right hand, followed shortly by loss of consciousness for a few minutes. After many of the attacks he had aphasia and a transient right hemiplegia lasting for an hour. Between attacks weakness of the right lower face was evident, but no weakness or sensory disturbances in the limbs. X-ray examination showed a linear fracture in the left parietal region, and cisternal encephalography demonstrated a moderate dilatation of the whole of the left lateral ventricle. In view of the focal aura of his major attacks a left lateral craniotomy was performed and a small meningo-cerebral scar was found in the left pre-central gyrus.
This association of residual pyramidal signs with dilatation of the opposite ventricle occurs so frequently that it raises the question whether cases in which the pyramidal signs were only transient might not also show ventricular dilatation when examined at a later date. Our information as to the detailed signs shown by our cases in the acute stage is unfortunately incomplete, and we have records of only 7 such cases with transient pyramidal disturbances (Cases 58, 65, 86, 87, 89, 90, 100) . It is interesting that either unilateral or bilateral ventricular dilatation was later demonstrated in all of them, and that the larger ventricle was always on the side opposite to that of motor dysfunction.
B. With Hypothalamic and/or-Brain Stem Signis
Of the 4 cases included in this subgroup, only one (Case 41) showed ventricular dilatation. None had a fracture of the skull visible in the X-ray films. Three cases (Cases 28, 30, and 41) , each with a prolonged post-traumatic amnesia of between 2 and 4 weeks duration, exhibited residual " cerebellar " ataxia down one side of the body without motor weakness. In one instance this was associated with nystagmus and dysarthria as well. The traumatic lesion responsible for these features was presumed to lie within either the brain stem of the cerebellum. Two of these three cases had normal encephalograms and the third some focal dilatation of the ipsolateral frontal horn. The remaining case (Case 22) (Case 5) , an interval of 3 years elapsed before the attacks appeared.
The incidence of post-traumatic epilepsy in our series appeared to bear no relation to the severity of the responsible injury, as measured by either the duration of the post-traumatic amnesia or the degree of ventricular dilatation. Thus 3 cases sustained injuries without loss of consciousness, 3 had posttraumatic amnesia of less than 1 day, 6 post-traumatic amnesia of 1 week, and 7 post-traumatic amnesia of more than 1 week. Again, of the 10 cases in which post-traumatic epilepsy occurred without other residual features, half showed normal ventricles and half dilated ventricles.
Discussion
It is evident from this analysis of our case material that ventricular dilatation of either a focal or a generalized character often follows closed head 66 group.bmj.com on November 9, 2017 -Published by http://jnnp.bmj.com/ Downloaded from VENTRICULAR CHANGES AFTER CLOSED HEAD INJURY injuries. Although dilatation may occur after apparently mild injuries, the frequency with which it is found increases with the severity of the trauma. These ventricular enlargements first appear within 2-3 weeks of injury and may reach their maximum within a month. They do not appear to be influenced so much by the site of the direction of the violence as by the presence of a fracture of the skull. Focal dilatations in particular tend to develop beneath the site of a localized fracture of the skull.
Although in some cases the correlation between the clinical signs and the encephalographic appearances is not at first apparent, in most there is an obvious relationship between the two. In particular, cases with residual pyramidal signs down one side of the body are frequently found to have dilatation of the lateral ventricle on the opposite side of the brain. Moreover, some of the remaining cases of ventricular enlargement were known to have presented signs of pyramidal disturbance in the acute phase of injury. Again, in cases with marked intellectual and mental deterioration both ventricles are often enlarged, whereas in cases without objective deterioration, but with only disorders of a subjective character such as headaches and dizziness, the ventricular system is more often normal. On the other hand the appearance of post-traumatic epilepsy does not seem to be connected with changes in the ventricular outline.
We strongly deprecate the view expressed by Swift (1932) , Hauptmann (1931) , Friedman (1932) , and others that air encephalography can be used as a certain means of differentiating between cases with genuine disabilities and those with functional disturbances. These authorities, who have advocated the use of air encephalography in this connexion, have implied that, when the encephalograms are normal, the case should be regarded as of functional character. In our series of 31 cases with normal ventricular outlines following head injury, at least 6 cases had definite objective neurological signs indicating cerebral damage and 6 suffered from post-traumatic epilepsy. We therefore feel that the findings of a normal encephalogram in a given case does not prove that the symptoms are functional, because permanent organic damage can occur in the brain without resulting in later ventricular enlargement.
In this paper we have confined ourselves to a consideration of the ventricular changes, and have not paid attention to the other encephalographic features described in Bielschowsky's classical paper (1928) . We do not consider non-filling of the ventricles with air to be evidence of pathological change, for we have observed on several occasions, after encephalography had failed to fill the ventricles, that ventriculography has revealed a normal ventricular system. Recently we met with a case in which, after lumbar encephalography had failed to outline the ventricles, encephalography repeated a few days later with air introduced by the cisternal route produced very satisfactory filling of the ventricles, which appeared normal. As during the period when our 100 cases were investigated there were only 4 cases of chronic head injury in which ventricular filling was not obtained, we have not felt justified in considering such cases as pathological and have consequently excluded them from our series.
Authors using lumbar encephalography have rightly laid great emphasis on abnormalities of distribution of the subarachnoid air. In our material these abnormalities have not been obvious, except in cases which also showed ventricular changes, and so we have not considered them. Cisternal encephalography, as performed in this hospital with the installation of only small quantities of air, does not lend itself to so clear a demonstration of the subarachnoid pathways as does lumbar encephalography. We feel this disadvantage of cisternal encephalography is outweighed by the advantage of being able to outline the ventricles clearly with smaller quantities of air, thereby causing much less distress to the patient.
The presence of ventricular dilatation after recovery from a head injury indicates that an atrophic process has taken place in the brain. Such an atrophic process may be the result of obstruction to the cerebro-spinal fluid pathways, or of resolution of the pathological changes produced in the brain itself by the trauma. Broadly speaking, posttraumatic ventricular dilatations are of two types, focal and generalized, and are probably produced by different mechanisms. It is unlikely that purely focal dilatations, for example, are due to the back pressure effects of obstruction to the cerebro-spinal fluid pathways, although such factors may operate in producing generalized dilatations. It is more likely that focal dilatation is the result of resolution of local pathological changes such as focal hxmorrhage, contusion, and laceration of brain tissue directly occasioned by the injury. The frequency with which focal dilatations develop beneath a localized fracture of the skull supports this view. In the production of generalized dilatation, other factors, which affect the brain more widely, must also operate. It is known that after head injury widespread pathological changes may occur in the brain, often remote from the actual site of injury, and may even overshadow the local injury (Hassin, 1940) . Factors, such as cedema of the cerebral hemispheres and dilatation of the cerebral capillaries and veins, often with endarteritis (Winkelman and Eckel, 1934) , may play a part in the widespread pathological processes. Traumatic subarachnoid hemorrhage may also contribute to a generalized bilateral ventricular dilatation, as indicated by the experimental observations of Bagley (1928) . However, it is difficult to explain why ventricular dilatation is apparently so frequently confined to one lateral ventricle, and may even reach a considerable degree in that ventricle without the other lateral ventricle being affected. It is unlikely that traumatic subarachnoid haemorrhage or obstruction to the cerebro-spinal pathways, which would affect both ventricles equally, here play a part. It seems more
